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Introduction 

During the past several years, studies have demonstrated that the petro- 
graphic properties of coals an be correlated with their carbonization behavior 
and coking properties 
a measurement is made of the reflectance of the vitrinite in the crushed coal 
sample. This reflectance has been shown to be directly related to the rank of 
the coal. Furthermore, it is well known that rank is important in the determina- 
tion of other carbonization characteristics such as volume change and coking 
pressure. Since a general relationship prevails between rank and these parameters, 
a correlatio w uld be better if it were confined to a narrow range of coals or 
coal blends. g~ 77 

E, 5)" While coal is being examined petrographically, 

In a previous paper6) the authors showed that the volume-change 
characteristics (expansion-contraction in the sole-heated oven) were related to 
the plastic and chemical properties of several Alabama medium-volatile coals. 
In the present paper, the authors demonstrate how not only volume change but also 
coking pressure are related to the chemical and plastic properties and petrographic 
characteristics of washed coal samples. 

Experimental 

"he samples consisted of a series of six composites of the daily production 

All samples were taken on consecutive days except for those from Mine B 
from each of several mines operating in the Pratt, American, and Mary Lee seams 
(Table I). 
in the Pratt seam; the last three samples from this mine were taken six months after 
the first three. 

For the tests in both the 30-lb pressure-test oven and the sole-heated 
oven, the coals were pulverized to minus 1/4 inch and dried to about 1 percent 
moisture. These conditions were used to obtain more reliable results in these 
small ovens and to permit comparisons with the results of the earlier work. 
oven designs and heating programs have been described in earlier publications?:7~ 8, 
Petrographic, chemical, and plastic properties of the various samples are listed 
in Table I. Corresponding carbonization data are given in Table 11. 

* See references. 



8 

Relation Between Petrographic and Chemical Charac te r i s t ics  

Since re f lec tance  furn ishes  a r e l a t i v e l y  prec ise  measurement of rank,’) 
t h e  amounts of t h e  e n t i t y  types  present i n  t h e  coa l  as determined petrographically 
should be r e l a t ed  t o  a chemical-rank parameter, such as v o l a t i l e  matter content. 
Figure 1 shows t h e  r e l a  ion  between v o l a t i l e  matter content and re f lec tance  of 
t h e  e n t i t i e s  i n  coals.37 I n  general, t h e  exinoids i n  a coal contain considerably 
more v o l a t i l e  matter than t h e  v i t r ino ids  of t h e  same rank, and both t h e  exinoids 
and the  v i t r ino ids  contain ore v o l a t i l e  matter than t h e  i n e r t  semifusinoids, 
micrinoids, and f u s i n ~ i d s . ~ y  This i s  i l l u s t r a t e d  i n  Figure 1, i n  which reflectance 
of t h e  p r inc ipa l  e n t i t i e s  is p lo t t ed  against  t h e i r  v o l a t i l e  matter contents.  
d i f f e r e n t  v o l a t i l e  matter contents of the  e n t i t i e s  a r e  apparent from the  l i n e s  
connecting e n t i t i e s  of t h e  same rank. Also one can see  how t h e  differences i n  
v o l a t i l e  matter contents become l e s s  as t h e  rank increases.  

The 

The average v i t r i n o i d  re f lec tance  calculated from t h e  quant i ta t ive  
petrographic ana lys i s  can be used t o  ca lcu la te  t h e  v o l a t i l e  matter coiitent of 
a coal,  by means of t h e  following formula developed by Van Krevelen and S c h ~ y e r . ~ )  

where VM, i s  the  Jry, ash-free v o l a t i l e  matter content of t he  coal; V&, VMTJ, and 
VM, t h e  dry, ash-free v o l a t i l e  matter contents of  t he  e n t i t i e s ;  E t he  percentage 
of exinoids and res inoids  i n  t h e  coal;  V the percentage of v i t r i n o i d  plus 113 
semifusinoids; and M t h e  percentage of  i n e r t  e n t i t i e s  (micrinoids, fusinoids, 
znd 2/3 semifusinoids).  
v o l a t i l e  matter from t h e  proximate ana lys i s  and t h a t  obtained by use of t h e  above 
equation. 
t h e  e n t i t y  v o l a t i l e  matter values published by Van Krevelen and Schuyer.3) 
v o l a t i l e  matter contents a r e  obtained f o r  these  e n t i t i e s  of t h e  coals being 
worked with, even b e t t e r  agreement between t h e  calculated values and those from 
t h e  proximate ana lys i s  should be obtained. 

I n  Figure 2 a good cor re la t ion  is apparent between t h e  

The ca lcu la ted  v o l a t i l e  matters i n  Figure 2 are based on t h e  use of 
If 

Volume-Change Charac te r i s t ics  

Figure 3 shows t h e  re la t ionship  of t h e  maximum f l u i d i t y  of these  coals 
t o  t h e  average re f lec tance  o f  t h e  v i t r ino ids  i n  them. 
re f lec tance  of t h e  v i t r i n o i d s  increases,  t h e  maximum f l u i d i t y  decreases. P ra t t -  
seam Mine-B samples exh ib i t  t h e  highest  f l u i d i t y ;  Pratt-seam Mine-C and the Mary 
Lee-seam samples, intermediate f l u i d i t i e s ;  and Pratt-seam Mine-A and American-seam 
samples, t h e  lowest f l u i d i t i e s .  

I n  general, a s  t he  average 

Figure 4 shows t h e  re la t ionship  between t h e  volume-change cha rac t e r i s t i c s  
of t hese  coa ls  and t h e  average r f lec tance  of t he  v i t r ino ids  present .  

f o o t .  
oelow about 1 . 1 4  percent cont rac t  strongly,  and t h a t  those  having v i t r i n o i d  
re f lec tance  above 1 .14  percent a r e  l e s s  contracting and show increasing tendency 
toward expansion a s  t h e  v i t r i n o i d  re f lec tance  increases.  It should be noted t h a t  
t h e  Mine-; Pratt-seam samples showed the  widest range i n  volume change and a l so  
t h e  v i l e s t  range i n  t o t a l  i n e r t s  (Table I) of a l l  t he  coa ls .  
shows t h e  importance 01 t h e  i n e r t  content o f  a coal i n  determining i t s  volume-change 
chs rec t e r i s t i c s .5 )  

The volume- 

This f igure  ind ica tes  t h a t  t h e  coals containing v i t r ino ids  with reflectance 
change da ta  have been corrected9 e t o  a bulk dens i ty  of 55 lb of dry  coa l  per  cubic 

This range of i n e r t s  

Tbis i s  i l l u s t r a t e d  i n  Figure 5, i n  which t h e  volume change of 
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American-scam coal is  p lo t t ed  against  i t s  t o t a l  i n e r t  content. The samples included. 
9 very narrow range of rank and had reflectances between 1.206 and 1.223 percent. 
The t r ans i t i on  between contraction and expansion f a l l s  between a t o t a l  i n e r t  content 
of 20 t o  21 percent. 
increases.  
expanding i n  nature and any increase  i n  t h e  amount of i n e r t s  would d i l u t e  t h i s  
er'fect so t h a t  t he  coa l  would be less expanding or even contracting. 
s i z e  of t h e  i n e r t s  would influence the  degree ol t h i s  e f f ec t .  Conversely, the 
opposite e f f e c t  has  been noted wherein i f  t h e  "pure" coa l  reac t ive  e n t i t i e s  a re  
contracting, t he  addi t ion  of i n e r t s  r e s u l t s  i n  less contraction. This would be 
expected since t h e  i n e r t  material ,  which shows l i t t l e  change i n  volume during 
carbonization, would d i l u t e  t h e  contracting nature of t h e  "pure" coa l  reac t ives .  

Beyond t h i s  t h e  cont rac t ion  increases as t h e  amount of i n e r t s  
Evidently t h e  "pure" coal r eac t ive  e n t i t i e s  could be expected t o  be 

The p a r t i c l e  

I n  t h e  previous study,6) volume changes of the  coals i n  t h e  sole-heated 
oven were cor re la ted  with t h e i r  maximum f l u i d i t i e s .  This r e l a t ionsh ip  i s  shown 
i n  Figure 6. 
within which the  washed coa l  samples f a l l .  This demonstrates t h e  usefulness of 
t h e  Gieseler Plastometer i n  assaying the  expansion-contraction proper t ies .  
again, those  coals having a maximum f l u i d i t y  above 10,000 d i a l  d iv is ions  per minute 
should be contracting, and could be expected t o  give no d i f f i c u l t y  i n  t h e  pushing 
of t h e  coke i f  operating prac t ices  a r e  under control.  

The band represents t h e  range OP values noted i n  t h e  e a r l i e r  work,6) 

Here 

Figure 7 shows t h e  cor re la t ion  between t h e  v o l a t i l e  matter content and 
t h e  volume changes f o r  these  coals.  Because both v o l a t i l e  matter and re f lec tance  
are measures of rank, v o l a t i l e  matter would be expected t o  y i e l d  
s imi la r  t o  t h a t  obtained i n  Figure 4. The au thors '  e a r l i e r  work6T indica tes  t h a t  
a use fu l  method of estimating the comparative expansion-contraction cha rac t e r i s t i c s  
of t hese  washed coa ls  should r e s u l t  from a multiple co r re l a t ion  with t h e  ash along 
with t h e  v o l a t i l e  matter contents.  However, because t h e  present washed samples 
d id  not show enough va r i a t ion  i n  ash content between samples from each mine, ash 
i s  not s ign i f i can t  i n  t h e  cor re la t ion .  This does not mean t h a t  it should be d i s -  
regarded i n  coals t h a t  show a grea te r  degree of v a r i a b i l i t y  than  4hese samples had. 
Within a narrow range of ash contents, however, i n e r t s  a r e  important, as shown i n  
Figure 5. 

re la t ionship  

Coking Pressure 

Since both volume change and coking pressure appear t o  be t h e  r e su l t  of 
t h e  same bas ic  phenomena occurring i n  coa l  during heating, these  two carbonization 
cha rac t e r i s t i c s  would be expected t o  co r re l a t e  under ce r t a in  conditions.  Further- 
more, it i s  generally accepted t h a t  coals exhib i t ing  a coking pressure grea te r  than 
about 2 l b  per  square inch or having less than approximately 7 percent contraction 
should not be used.") 
v a l i d i t y  of these  l imi t s .  
then some coals w i l l ,  a t  a pa r t i cu la r  operating bulk density,  meet one of these  
l imi t s ,  but not t h e  o ther .  Therefore, it would be des i rab le  i f  petrographic, 
chemical, or p l a s t i c  proper t ies  of these coa ls  could be used t o  estimate t h e  coking 
pressure t h a t  might develop. 

It is not within t h e  scope of t h i s  paper t o  judge the  
However, i f  these  or  any s imi l a r  s e t  of l i m i t s  a r e  used, 

The re la t ionship  between coking pressure of t h e  coa l  and average reflectance 
of t h e  v i t r ino ids  i n  t h e  coal i s  shown i n  Figure 8. 
samples are not shown i n  t h i s  f igu re  nor i n  those  t h a t  follow, because these  samples 
ha3 higner oven bulk dens i t i e s  than  t h e  samples from t h e  o ther  seams. 
bulk dens i t i e s  were t h e  r e s u l t  of t h e  coarser pa r t i c l e - s i ze  d i s t r i b u t i o n  obtained 
i n  pulverizin, t he  higher ash Mary Lee coals,  even though they  were pulverized t o  

The data on t h e  Mary Lee-seam 

These higher 
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the  same top s ize  as the  lower ash coals used. 
average ref lectance of l e s s  than 1.18 percent should n o t  exhibi t  a coking pressure 
i n  excess of the 2 lb per  square inch usual ly  considered a s  the  l imi t ing  pressure 
for safe  oven operations.  

I n  Figure 8, samples having an 

A similar re la t ionship  is noted i n  Figure 9 between coking pressure and 
v o l a t i l e  matter .  
28 percent exhibi t  coking pressure l e s s  than t h i s  2-psi l i m i t ,  and therefore  could 
be used safe ly  at t h e  bulk dens i t ies  l i s t e d .  

I n  t h i s  f igure,  those coals having a v o l a t i l e  matter grea te r  than 

The re la t ionship  between t h e  coking pressure and the maximum f l u i d i t y  
is shown i n  Figure 10. Those coals  having a Gieseler maxim f l u i d i t y  i n  excess 
of 10,000 d i a l  divis ions per  minute should not of fe r  any problems with pressure i n  
the  oven. Note t h a t  t h i s  i s  t h e  same l i m i t  t h a t  was found for  t h e  v o l  -change 
charac te r i s t ics .  This lends support t o  t h e  idea put for th  by P o t t e r l l F h a t  these 
carbonization propert ies  could be expected t o  cor re la te  under c e r t a i n  conditions.  

Summary 

The chief f inding of t h i s  invest igat ion was t h a t  ref lectance of the 
v i t r ino ids ,  v o l a t i l e  matter content, and maximum f l u i d i t y  can be used t o  obtain 
an estimate of t h e  expansion-contraction behavior and coking pressure exhibited 
by these medium-volatile coals .  Thus, these carbonization c h a r a c t e r i s t i c s  can be 
estimated from t h e  parameter most readi ly 'ava i lab le .  
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Comparison of S i t e  and Zone Samples 



Tv! ?? 'T'9 
WP-wnlnw 
N N N N N N  

I 

J 

I 
i 

r( N m* M W  ,+ N m 4  In- 



i 
i 

I 

i 
s t !  

I 

\ L 



14 
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Figure 5. Relationship of  Volume Change and I n e r t  Content 
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